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Overview 


*. 3D-structures made to measure 
*. Artificial dielectrics with tailored permittivity 
¢ 3D-printed Fresnel lens 


e Conclusions 
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Engineering Grand Challenge 3: 
Engineering across length scales, from atoms to applications 





SYnthesizing 3D METAmaterials for RF, microwave and THz applications (SYMETA) 


Led by Loughborough University £5 million 


Principal Investigator: Yiannis Vardaxoglou 
Other universities: Exeter, Oxford, Sheffield, QMUL 


The consortium aims to radically evolve the development of high frequency circuits for systems and how these are manufactured. Using advanced 
materials research to understand how meta-materials behave and can be used for future electronic engineering purposes. Understanding the 
behaviour of the materials at the atomic scale will allow the creation of new types of circuits or transmission lines which are the bedrock of our 
technology driven economy. A more rationale and sustainable use of materials will reduce waste, timescales and most importantly cost of the 


manufacturing processes involved. 
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Manipulating the EM response: 
META- ATOMS 






Natural Material Metamaterial 





META-ATOMS 
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Disconnected and Connected Meta-Atoms 





a). 


Inclusions of (a) disconnected and (b) connected meta-atoms and their unidirectional equivalent circuits 
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Examples of Meta-atoms 
Cubes, Jacks with end plates and fish spines 


Simulation Experiment 
a 7m 
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Ferrite composite £ 
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Wï/ Fixed gap 
(0,1 mm) Varied gap 
(0.75 mm-1.25 mm) | C | 





(a) Copper-cube meta-atom, a hollow copper-cube meta-atom, and "comb" like structured face. Opposite faces are 
connected with a conducting rod 


(b) Impedance matched (refractive index of ~9) anisotropic array of ferrite composite cubes 


(c) Finite element method modelling (line) and experimental results (points) of its complex permeability and permittivity 


as a function of frequency. 
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Additive Manufacturing 


* Created layer by layer from the 
bottom up 
*. Single process 


e Customisable internal structure 





Low-cost, time-efficient, adjustable mockup 
using additive manufacturing 
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Technology — processes 





BAKKER AO delling (*3D printing” 


photopolymerization 








CN 












X axis. Jetting 
ÆTT ซ่ head > 
š ` 
UV light E mE NOS 
Model d M » 


material 







Si 


Support 


material 





i 
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Technology — materials 


Materials 3D printing technologies 


Ceramic 


Metal 


Polymerization Jetting Fusion Deposition 
Plastic 
Wax 
Sand 
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Synthesizing Artificial Dielectrics 


* Offer additional degrees of freedom for material choosing 

e Various geometries with tailored EM properties 

* Using Additive manufacturing — simplify manufacturing process 
* Diamagnetic, anisotropic properties 


* Macroscopic homogeneity: &,,, and p. ;, 
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Heterogeneous Media 








L. Lewin, "The Electrical Constants of a Material Loaded with Spherical Particles," in Electrical Engineers - Part lll: Radio SYMETA 
and Communication Engineering, Journal of the Institution of, vol. 94, no. 27, pp. 65-68, January 1947. KP 


PLA Material 


» Effective €, of Printed Dielectrics 。 Effective fanò of Printed Dielectrics 


Relative Permittivity 





PLA Volume Fraction (%) 


PLA Volume Fraction (%) 
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High £. ABS - PREPERM® TP20280 
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High £. ABS - PREPERM® TP20280 


Effective £, of Printed Dielectrics + Effective tanó of Printed Dielectrics 
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Fresnel Zone Plate Lenses 


Radi for each dielectric zone 


Ri = |2iF(22)+ (292 i=2,3,..., P 
Lens thickness 


À I 
t=—— |= 2 " P 
Paes) OP nn 


Ouarter wave phase correction, P-4 


10 GHz, F/D = 0.3, F = 30 mm 
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3D-printed Dielectric Fresnel Lens 
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S. Zhang, “Design and Fabrication of 3D-Printed Planar Zone Plate Lens”, Electronics Letters, 2016 
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Electric Field Simulation 








S. Zhang, “Design and Fabrication of 3D-Printed Planar Zone Plate Lens”, Electronics Letters, 2016 N 
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Radiation Patterns (H-plane) 
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S. Zhang, “Design and Fabrication of 3D-Printed Planar Zone Plate Lens”, Electronics Letters, 2016 
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Broadband Performance 


> At boresight (theta = 0°) 


» By normalising the received 
power with the lens to the 
power of the source (without 
lens) 


Normalised gain (dB) 


» lllumined by an X-band open 
ended waveguide (with 
flange) 





Frequency (GHz) 


S. Zhang, “Design and Fabrication of 3D-Printed Planar Zone Plate Lens”, Electronics Letters, 2016 
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Conclusions 


¢ 3D-printing tool for rapidly prototyping 


๑ Printed in a single-step process without 
machining or assembling 


* 7.3 - 12.8 dB gain over 8 - 12 GHz 


e Low-cost, light-weight 
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Loughborough Antennas & Propagation Conference 


14-15 November 2016 
Loughborough, UK 
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3D MIM SYMETA EPSRC GRAND CHALLENGE 


Cuboid with different £. or u, , Via Patch 


Host medium 
(nanosubstrate) 


Feed system 





Ground plane — 4 
Metallic cuboids 


Fie 


- couple with neighbours 









Micro-sized cuboid | 
composed of ——əÑ—— >. 


nanoparticles 








Design bespoke artificial dielectric substrates for antennas; with EM, fabrication and 
environmental advantages 
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Integrated antenna System 
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